China A-shares was formally included in the MSCI Emerging Market Index in June 2018, which indicates that China has taken an important step in the internationalization of the capital market. As the world's second largest economy, stock market co-movement between China and other of G20 members have become an important part of the world's economic analysis.
| INTRODUCTION
Because the emergence of economic globalization in the 1980s, the liberalization of commodities, services, and transnational capital flows has integrated the world as a whole, which leads to interdependence of different country economy and coordinated development. Financial globalization is one of the core elements of economic globalization in financial institutions, financial markets, and free capital flow. With the continuous development of technology and the relaxation of financial regulations, international transactions have become more convenient and investment in transnational asset allocation has become more common. The integration deepening of financial markets makes financial markets dependent of various countries and have impact on each other. On the one hand, financial globalization has promoted the economic cooperation and globalization process of various countries, on the other hand, increased the comovement of financial markets in various countries.
Co-movement means changes of attributes (such as the price) of one asset associated with another because of some commonality among financial assets. 1 The scope of co-movement includes co-movement between different assets or sectors in the same market, between the same or different markets in the same country (region), or between the same or different markets in different countries (regions). Financial globalization has greatly enhanced the financial markets' comovement between different countries (regions), making co-movement a key concern for transnational asset allocation. The internationalization of stock markets in each country is an important part of financial globalization. With the collapse of the Bretton Woods system in the 1970s, the exchange rate system of developed countries shifted from fixed to float gradually, and the control of international capital flows started to liberalized. At the same time, the stock markets' opening process of many countries also began. Almost all stock markets of developed countries and many emerging countries had achieved opening up in the 1990s, the globalization degree of financial markets had greatly increased, and the degree of stock market co-movement had also deepened. However, since the 1990s, the financial crisis occurred frequently. In particular, the outbreak of the global financial crisis in 2008 had not only caused shock to economic and financial markets of the crisis centre countries but has also transmitted to other countries' markets rapidly. The stock market occurred a simultaneous collapse, showing a character of "contagion," which different from the past. Because the transmission of fundamentals channel in the past cannot explain the stock market co-movement during the crisis, the comovement characteristics and influencing factors of the stock market before and after the financial crisis received widespread attention again. However, scholars have not reached a consensus conclusion on this issue yet. Therefore, the purpose of this paper is to analyse the comovement characteristics of the stock market and its influencing factors at different stages, aims to provide reference for risk management decisions of investors and policy makers.
G20 is an international economic cooperation forum composed of 20 major economies in the world, whose members cover the major developed markets and emerging markets of six continents in the world. The total gross domestic product (GDP) of G20 members accounts for 85% of the global economy, and the total trade volume accounts for 80% of the total global trade volume. It is strong representative and has wide coverage, which is of great significance for studying the growth of the global economy and the international financial stability. In addition, according to the data of the World Bank, the total stock market value of the G20 members accounts for about 86% of the world stock market. Table 1 shows the total stock market value of the G20 members' in 2017 and its proportion of the world stock market.
At present, China has become an important stock market in Asia and the world. According to the data of the World Bank, the stock market value of China was 8.71 trillion U.S. dollars at the end of 2017, accounting for 11% of the total market value of the world stock market, which have become the second largest stock market in the world. China stock market not only reached such a huge scale within a short period of 30 years but also improved the openness of the stock market continuously and converged with the world. Because joining the World Trade Organization Note. When adding the total market value of the G20 members' stock market, the market value of the German, British, French, and Italian stock markets is deducted to avoid double counting.
in 2001, China has become a truly open economy and has fulfilled its commitment of capital account opening gradually. The international capital flow of the stock market is recorded in the securities investment, a subaccount of "capital and financial account," which is China's balance of payments. In terms of the stock market opening up to the outside world, China established a B-share market that specializes in nonresident investment in securities early in 1992. In July 2003, the QFII system was formally introduced. In November 2014, the stock exchange under the Shanghai-Hong Kong Stock Exchange expanded the scope of QFII participant to ordinary institutional investors and qualified individual investors. In December 2016, Shenzhen-Hong Kong Stock Connect program was fully launched, which continued increased the opening degree of China stock market. In June 2018, China A-shares has been included in the MSCI Emerging Markets Index and the Global Benchmark Index, which means that the internationalization result of China's stock market has been recognized by the world. The continuous opening of the stock market is of great significance to China. At the macrolevel, funds can be allocated in a larger extent to improve the efficiency of resource allocation. At the microlevel, the ways of asset allocation of various economic entities is broadening. The opening of the stock market is an important step in financial globalization process of China, helping China to better integrate into the world financial system and assume responsibility for the world financial market development. However, the increase in the openness of the stock market also made China to pay special attention to the co-movement between its stock market and the global stock market in order to against possible risks. Therefore, based on China, this paper analyzes the co-movement relationship between China and other members of the G20 stock market, hopes to analyse the co-movement relationship and influencing factors between China and global stock markets in different regions and different degrees of development comprehensively. Finally, this paper hopes to proposes relevant suggestions to China and provide reference for other countries.
In this paper, Section 2 is a review of the previous literature. In Section 3, the DCC-MGARCH model is used to study the co-movement characteristics of China and other G20 stock markets empirically, and results are summarized and the relevant policy implications are discussed. Section 4 uses the two-way fixed effects model to study the influencing factors of stock market co-movement and discusses the policy implications on the basis of summarizing the empirical results. Section 5 is a summary of the full text.
| LITERATURE REVIEW

| Co-movement of stock markets
The stock price index of the United States fluctuated sharply during the stock disaster in 1987 and was quickly transmitted to the capital markets of various countries. It made the stock market volatility co-movement started to be highly valued by foreign scholars and focus on the difference before and after the crisis. There are three main conclusions about the co-movement study by foreign scholars: one is that the co-movement between the emerging stock market and the mature stock market is relatively low but enhanced obviously in crisis. The second is co-movement, which is stronger between the same regional markets. And the third is co-movement performance, which is a one-way spillover from a mature market (such as the United States) to emerging markets. The representative studies include the following: Hamao, Masulis, and Ng (1990) studied the volatility comovement of the three stock markets of Japan, the United Kingdom, and the United States in the period of the stock market disaster in 1987 by establishing ARCH model; it was found that there was a one-way spillover between the three stock markets, and the co-movement effect had been significantly enhanced after the stock market disaster. Forbes and Rigobon (2002) and Li and Majerowska (2008) studied the co-movement of volatility between developed and emerging stock markets, established VAR models or GARCH family models to study the volatility co-movement relationship, and found that the relationship between these market was timevarying. More correctly, there was an overflow from the developed stock market to the emerging stock market and increased significantly during the crisis period. Savva, Osborn, and Gill (2009) and Saha and Chakrabart (2011) used MGARCH model to study the interactions among developed stock markets, which showed that the degree of integration increased the correlation between the sample market, and the influence of positive and negative shocks on co-movement performance was asymmetric. Jiang, Nie, and Monginsidi (2017) studied the returns and volatility co-movement between the stock market indices of six countries, which belong to the Association of Southeast Asian Nations. The co-movement between the ASEAN stock markets was found to be stronger in the short-term and crisis period, and the impact of economic fluctuations on the stock market was temporary.
Research studies on the stock market co-movement in China started late, and most of them followed the theory of foreign scholars. Most of the conclusions can be summarized as high degree of co-movement in the crisis period, and many attempts have been made in the methods of empirical research. The main research studies include the following: Liu (2011) studied the comovement characteristics of A-shares and B-shares in Shanghai and Shenzhen stock markets in terms of returns, volatility, and time-varying, which found that the co-movement between Shanghai A-shares and Bshares continued to increase in the short-term, and in the long term, the volatility synergy between the A-shares and the B-shares of the Shanghai Stock Exchange is obvious and time-varying. Su and Guo (2015) used the spectral clustering method to classify the sparsity of stock index volatility in different countries at different stages and conducted Granger causality test and impulse response analysis with China industry indices. Liang, Li, and Hao (2015) used a directed acyclic graph to study the direction and extent of the overall internal return rate and volatility spillover from multiple markets to examine the co-movement path of stock markets in different countries and regions. Gan (2015) studied the coherence between China and some developed countries and also examined the wavelet coherence of international oil prices, gold prices, and exchange rate factors. Song and Qiao (2016) used different threshold autoregressive error correction models to study the co-movement mechanism between China and U.S. stock markets, which showed that the China stock market reacts more slowly in the face of negative impact, and it is more significantly affected by the U.S. stock market, which is characterized by one-way co-movement. Li, Su, and Qiao (2016) , Zhang (2017) studied the interaction and affinity of the global stock market co-movements and found that the China stock market has long been separated from the global stock market; however, the co-movement in the crisis period and the international market strengthened significantly, and the volatility maintained close contact with other stock markets after the crisis.
| Influencing factors of stock markets co-movement
There are two main explanations for the co-movement between stock markets: one is based on the fundamental factors, including similarity degree of macroeconomic operating conditions and composition of industry structures. The other is based on the market contagion of information or risk spillovers. It is believed that factors such as investor behaviour and policy shocks cause severe fluctuations in a certain market, and the spillover of this information leads to a strong co-movement effect on other markets.
The world's research on the fundamental factors of comovement mainly include the following: Wongbangpo and Sharma (2002) studied the relationship between price index co-movement of Southeast Asian stock markets and economic fundamentals and found that there are longterm and short-term co-movement between Southeast Asian stock markets and macroeconomic factors. Kim, Shamsuddin, and Lim (2011) studied the relationship between U.S. stock market returns, changes in market conditions, and economic fundamentals, indicating that stock market returns are related to fundamentals when the market environment is stable, while in crisis and bubble period are less predictable. Pretorius (2002) and Beine and Candelon (2011) studied the co-movement of emerging stock markets and found that the intensity of trade, the difference in industrial output value, and financial liberalization had a significant impact on the comovement relationship among stock markets; moreover, interest rate and exchange rate market policies had enhanced the co-movement of stock markets.
Based on the market contagion angles, the main research studies are as follows: Kenourgios, Samitas, and Paltalidis (2011) studied the co-movement between the BRICS countries, the United Kingdom, and the United States before and after five crises, indicating that there was a certain degree of co-movement between the stock markets, which increased during the crisis. Beirne and Fratzscher (2013) studied the contagion mechanism of the co-movements between emerging markets and developed markets and concluded that the negative impact of the crisis is contagious globally, and the deterioration of fundamental factors cannot explain this contagion effect. However, Bekaert, Ehrmann, Fratzscher, and Mehl (2014) found that the United States had a small contagion effect on the global financial market, and the change of the domestic market was more important for the fluctuation of domestic asset portfolios. Reboredo and Ugolini (2015) and Liow (2016) studied the co-movement mechanism between the emerging and developed markets in Europe and Asia before and after the financial crisis, which was found that the co-movement between stock markets increased during the crisis period; meanwhile, systemic risks and contagiousness also increased.
Scholars in China mostly focus on fundamental factors and policy in the study of the causes of the stock market co-movement. Exchange rates, trade intensity, financial liberalization, and industrial structure have all proved to have a significant impact on the stock index co-movement across countries in different studies. Most of the research on market contagion is based on the division of period and reflected in the study of comovement performance. The main research studies on the causes of co-movement include the following: Ji and Fan (2010) , Hu and Zhang (2013) and Gong and Shi (2015) studied the co-movement between China and the U.S. stock markets or between China domestic markets, as well as influencing factors like macroeconomic fluctuations, the U.S. dollar index, financial liberalization index, and trade intensity. It was found that the U.S. dollar index and trade intensity had a significant effect on the degree of co-movement between different stock markets. He (2016) studied the influencing factors of co-movement between the stock markets of four countries in Europe and the United States before and after the international financial crisis and found that co-movement of stock market was transmitted through the channels of trade, finance, and industrial structure. Li, Xia, and Qiao (2016) summed up the empirical research experience and proposed that the co-movement between stock markets was the joint result of economic bases of various countries, contagion of international markets, and impact of major national policies. Hu and Liu (2017) found that commodity market and stock market showed a high degree of comovement, and the impact of financial market conditions on co-movements was due to changes in liquidity. However, Li and He (2017) found that the reasons for the time-varying co-movement were mostly related to China's fundamental factors, and the international influence of China stock market had increased and affected Asian markets more.
To sum up, most of domestic and foreign scholars choose to analyse the co-movement between developed markets, between developed markets and emerging markets, or between the regional stock markets, but there is a gap in the coverage of the sample. And domestic research studies in China are more concerned with the co-movement with developed countries. Therefore, this paper chooses G20 members as the objects and analyzes the co-movement of stock markets between China and other G20 members. The sample covers all representative developed markets and emerging markets and also covers the representative countries of six continents. In the selection of influencing factors, this paper has made up the limitations of previous studies that only selected the relevant factors between the fundamentals of different countries or the domestic fundamental factors which belongs to central market. So, this article takes these two aspects into account in the selection of influencing factor indicators and examines various aspects of the development of the stock market, improving the lack of previous research in this area. In addition, the research methods often used by scholars are roughly divided into map analysis and correlation coefficient analysis. The dynamic correlation coefficient based on DCC-MGARCH is used in this paper, and the influencing factors are tested by using the double fixed effect model.
| CO-MOVEMENT BETWEEN CHINA AND OTHER G20 STOCK MARKETS
| The data
The focus of this article is the co-movement between China and other members of the G20 stock markets. The representative indices of China, Germany, France, United Kingdom, Italy, European Union (EU), United States, Canada, Japan, Russia, Turkey, Mexico, Brazil, Argentina, South Korea, India, Indonesia, Saudi Arabia, Australia, and South Africa stock markets are selected as objects, and the country code is used as symbol.
In this paper, the most important principle for the selection of sample index is wide coverage, which can accurately reflect the basic situation of a country's stock market. For example, this paper select Shanghai Securities Composite Index as a representative index of the China (CN) stock market. As the earliest stock index in China, the Shanghai Composite Index covers all the stocks listed on Shanghai Stock Exchange and can reflect the changes in the China stock market price in a more comprehensive way. The Standard & Poor's Index is the representative index of the U.S. stock market, which covers the most stocks and can reflect changes in the U. S. stock market accurately. What needs to be specifically stated is that the Dow Jones European Index is chosen as the index reflecting the stock market of the EU members for consisting of 50 super blue chips in 12 major EU member states, which can reflect the changes in the EU member stock market more comprehensively.
Taking this principle, the choice of each member's stock market representative index and symbols are shown in the Table 2 .
This article chooses the analysis interval from January 1, 2005, to March 30, 2018. The equity division reform in 2005, which led to full circulation of stocks and increased the investment value of the market, was a key measure of China's stock market system reform, and also an important step to integration with the world stock market. In addition, the reform of exchange rate system in 2005 promoted the process of marketization of the RMB exchange rate. The managed floating makes exchange rate reflect the market supply and demand basically and dredge the transmission channel from the exchange rate to stock price. Therefore, this article will choose 2005 as the starting point of the analysis.
In 2007, the financial market experienced the strong impact brought by subprime mortgage crisis and European debt crisis. The macroeconomic situation in various countries was in depression and the stock market shocked continuously. After the crisis broke out, all major economies in the world took large-scale rescue operations actively. Because the second quarter of 2009, global confidence in the economy has recovered gradually, and the PMI index has begun to rebound. IMF pointed out in 2010 Global Economic Outlook that the global economic development has entered the "postfinancial crisis era."
2 As this article analyzes the relationship between China and other stock markets, for China stock market, there were strong instability during the period of reform and the financial crisis, taking January 1, 2010, as boundary point; this paper divides the analysis interval into two periods: the era of change and crisis from January 1, 2005, to December 31, 2009, and the postfinancial crisis era from January 1, 2010, to March 30, 2018. All data in the sample period come from Yahoo Finance and Wind information. This article selects the closing prices of the representative stock indices of the G20 member as samples. The elimination of nontrading day data will not cause distortion due to human-filled and guarantee the reliability of the results. After processing, 782 daily closing price data are obtained in the first stage, and 1,169 daily closing price data are obtained in the second stage. Finally, after taking logarithm and difference of sample data, the daily return rate data of 20 stock markets during the sample period are obtained, expressed as RX i , see Equation ( (1)):
3.2 | The model
| Autocorrelation and ARCH test
Firstly, this paper carries out a period autocorrelation test on the returns of the 20 stock indices calculated in 3.1. The results show that there is no autocorrelation effect except for German, Italy, India, and Indonesia stock index return rate series in the first-stage and China, Germany, United States, Turkey, Brazil, Saudi Arabia, and Australia stock index return rate series in the second-stage, and there are different order autocorrelation effects for these stock index returns rate. Therefore, after establishing the mean model containing only a constant term for a sequence of returns that does not have autocorrelation effect, and establishing the mean model with different order for sequences with autocorrelation effects, the autocorrelation LM and ARCH effects are tested for the residuals. The results show that except for Indian stock index returns in the first stage, Japanese and Indonesian stock index returns in the second stage, the returns of the other stock indices all show an ARCH effect at a significant level of 10%, so, GARCH model can be established. In order to examine the volatility co-movement of China and other G20 stock index returns as much as possible, this paper attempts to establish a full-sample GARCH model for the sequence of Japanese, Indonesian, and Indian stock returns to capture the characteristic of volatility co-movement between the three markets and China stock market. Therefore, the autocorrelation and ARCH effects of the entire sample series on China, Japan, Indonesia, and India's stock indices continue to be tested. After the mean model are established under the whole sample, the sequence of stock index returns of China, Japan, Indonesia, and India all eliminated autocorrelation and have an ARCH effect, so GARCH model can be estimated.
| Estimation of DCC-MGARCH Model
This paper uses the DCC-MGARCH model to analyse the volatility co-movement of the stock index return rate series. The model's estimation includes two steps: firstly, This paper selects the more commonly used GARCH(1,1) model, which makes the model as simple as possible while fitting the fluctuation characteristics. Using the average model above, the GARCH model is shown in Equation (2):
Among them, RX i,t is the return rate sequence of each stock index, and RX i,t − p are the different lagged items of different stock returns.
The single variable GARCH models in different stages are established separately for sequences other than Indian, Indonesian, and Japanese stock returns. Because this section mainly examines the co-movement of the rate of return fluctuations, the variance equations of the GARCH model are mainly analysed. The estimated results of the variance equations of each sequence are shown in Table 3 .
According to the results in Table 3 , it can be seen that β coefficient of the stock index return rate is higher in both stages, which indicates that the early fluctuations in the returns series have a stronger influence on the current fluctuations; except the GARCH model of Russian stock index returns series in the second stage, that is, the coefficient α + β > 1; the sum of the α and β coefficients of the GARCH model of other returns series is close to 1, indicating that the model is stable and volatility is persistent. In addition, comparing the sum of the α and β coefficients of the two periods, it was found that the sum of the α and β coefficient of the first stage is bigger than the second stage except for the China and Brazil stock markets, which shows that the volatility persistence in most stock market instability periods is greater than the market stability period.
Due to the instability of the GARCH model of Russian stock market returns series in the second stage, this paper still tries to establish a GARCH model of the Russian stock returns series under the whole sample. After examining the autocorrelation and ARCH effects of the stock index return rate series under the full sample, it is found that there is no autocorrelation in the sequence of Russian stock returns after the establishment of the mean value model and that the ARCH effect is significant, and GARCH model can be established. The single variable GARCH model for the full sample of China, Japan, Indonesia, Japan, and Russia's stock returns was established. The results are shown in Table 4 .
According to the results in Table 4 , it can be seen that except for the returns rate of Russian stock market under the whole sample, all the GARCH model is stable and the volatility persists.
Estimation of DCC-MGARCH Model
According to Engle's (2002) study, after obtaining the results of single variable GARCH model, estimation of DCC-MGARCH model is continued using the standardized residual series. Because GARCH model of Russian stock market returns under the full sample still does not meet the stability requirement, the co-movement between China and Russian stock index is only estimated in the first period, and the co-movement between China and Japan, Indonesia, or Indian stock index is estimated under the full sample, and co-movement between China and the rest of stock markets are estimated separately in two stages. The results are shown in Tables 5 and 6 .
According to the results in Table 5 and comparing the size of λ 2 in two periods, it is found that in the second period, the λ 2 coefficients of the China and four developed markets like United Kingdom, France, EU, and United States and three emerging markets like Mexico, Brazil, and Saudi Arabia are smaller than the first period. It shows that the influence of previous-period fluctuation correlation on current-period fluctuations correlation is reduced, and the other markets present opposite. In general, in the first period, the sustainability related to the development market volatility is relatively high, while related higher to the sustainability of the emerging market volatility in the second period. The value of λ 1 + λ 2 represents the strength of the overall fluctuation correlation. Comparing the sum of coefficients in the first stage and second stage of each stock market, similar conclusions are obtained. In the first stage, the strongest correlation is between China and Saudi Arabia, and the sum of coefficients is 0.95; the weakest correlation is between China and Brazil, and the sum of coefficients is 0.47. In the second stage, the strongest correlation is between China and Canada, and the sum of coefficients is 0.99; the weakest correlation is between China and Saudi Arabia, and the sum of coefficients is 0.32.
Similarly, according to the results in Table 6 , it can be seen that under the full sample, the volatility correlation of China and Japan stock indices is relatively strong, and the sum of coefficients is 0.96. The volatility correlation of China and Indonesian stock indices is weak, and the sum of coefficients is 0.65.
| The result and discussion
By establishing the DCC-MGARCH model, this paper analyzes the fluctuation co-movement of the returns of two-stage China and other G20 stock markets. Then, this paper extracts the dynamic condition correlation coefficients calculated in model and integrates the 19 correlation coefficients in two stages and plots the time-varying dynamic correlation coefficient changes (Figure 1) .
From the preliminary observation in Figure 1 , it can be seen that the fluctuations of the return rate correlation between China and Germany, France, United Kingdom, EU, Indonesia, or Brazil stock market has little difference in two stages. Among them, the dynamic correlation coefficients of China and German, French, British, or EU stock indices are concentrated between 0.1 and 0.2, and the dynamic correlation coefficients of China and Indonesia or Brazil stock indices are concentrated between 0.2 and 0.3. In addition, the dynamic correlation coefficients between China and the United States, Turkey, or Argentina are mostly concentrated between 0.1 and 0.2. The dynamic correlation coefficients of China and Japan or Australia stock markets are mostly concentrated between 0.2 and 0.3; the dynamic correlation coefficients of China and Italy, Russia, Canada, Mexico, or South Africa are concentrated between 0.1 and 0.3. Although the fluctuation of the returns of China and Korea or India stock index is relatively high, and the dynamic correlation coefficient is concentrated between 0.1 and 0.4; the co-movement between Saudi Arabia and China stock market is relatively low, with the dynamic correlation coefficient is mostly between 0 and 0.1, and there is also a dynamic correlation coefficient of around 10% concentrated between −0.1 and 0.
In order to describe the characteristics of the comovement of China's stock market with other countries further, this paper makes descriptive statistics of the 19-group dynamic correlation coefficients of the two stages. The results are shown in Table 7 . From the results in Table 7 , it can be seen that in the first stage, the dynamic correlation coefficient between the China and India stock markets is the highest, with an average of 0.28, and the dynamic correlation coefficient with the Saudi Arabian stock market is the lowest, with the value of 0.06; in the second period, the dynamic correlation coefficient of the returns between China and Korea stock indices is the highest, with an average of 0.27, and the lowest average dynamic correlation coefficient is still between China and Saudi Arabia stock markets. Different from the conclusions of Li and Majerowska (2008) , in general, the dynamic correlation coefficient between China and Asian countries' stock indices is higher in two stage, compared with the lower average correlation coefficient with the developed markets in Europe and America. The average of correlation coefficient between China and Italy stock markets declined the most, with the value of 0.08.
In the second period, co-movement between China and other stock markets in Europe or the United States is less than the first period, and the co-movement degree increased between China and United Kingdom, Canada, Japan, Australian, or some emerging Asian stock markets. It shows that in the period of market instability, co-movement degree between China and most European or American regions is higher than the market stability period, which is similar to Jiang et al. (2017) but contrary to the conclusion reached by Zhang (2017) .
From the perspective of correlation coefficient dispersion degree, the results are similar to the conclusions drawn by Saha and Chakrabart (2011) . In the first stage, the degree of co-movement stability between China and Italy, France, the United States or other stock markets is higher, and the degree of co-movement stability is lower with the stock markets of India, South Korea, and Canada; in the second stage, the degree of co-movement stability between China and Italy, the United States, or Japan is relatively high, and the degree of co-movement stability with the stock markets of India, South Korea, and Russia is relatively low. During the period of market instability, the degree of dispersion of correlation coefficients between China and Japan, India, the United States, Brazil, Argentina, or Turkey stock market is higher than the market stability period, which shows that the stability of the co-movement between China and the above six stock markets has improved in the second period. This result is similar to the conclusions drawn by Liow (2016) . According to the above results, the implications for multinational asset allocation are as follows: when the overall market conditions are worse, investors may choose to weaken portfolio risk by adding lower volatility co-movement and more stable assets into portfolios. For example, the EU stock index shows this characteristic in the period of market instability. It is noteworthy that co-movement between China and other G20 stock market indices are time-varying. Therefore, investors need to continuously analyse and judge the trend of the stock market, and use dynamic investment strategies to adjust the portfolio according to the characteristics of different periods, especially in the period of market instability; if the stability of co-movement between China and other stock markets is relatively low, it is necessary to be very cautious when it comes to international asset allocation. Moreover, the conclusion also shows that in the postfinancial crisis era, the stability of the world stock market has improved, and with the reform of China's stock issuance system and the gradual establishment of multilevel capital markets, the efficiency of China's stock market has improved (Li, Yang, Feng, & Jing, 2017) . As a result, the maturity of the stock market and its ability to withstand the risks has increased. In addition, China has become the second largest stock market in the world, and its A-shares have been included in the MSCI International Index. With the implementation of Shanghai-Hong Kong Stock Connect program, Shenzhen-Hong Kong Stock Connect program, QFII, and RQFII system, the degree of internationalization and influence of China's stock market has increased. At the same time, with the policies diversity of China and other G20 members, the impact of fluctuations from the U.S. stock market to China stock market has been weakened to some extent.
| ANALYSIS OF INFLUENCING FACTORS OF THE CO-MOVEMENT
| The variables
Based on the theoretical of "economic basis theory" and "market infection theory," this paper summarizes the research experience of previous studies at first. In selecting the indicators of influencing factors, this paper takes macrolevel and medium-level correlations between China and other members and domestic factors of China into account, and paying particular attention to various aspects of China's stock market development.
Firstly, the dynamic conditional correlation coefficient (DCC) of the stock market between China and other G20 members calculated in the third part of this paper is selected as the explanatory variable. Secondly, about economic fundamentals relation between China and other members, this paper selects the following three indicators as explanatory variables:
Bilateral trade intensity: The bilateral trade intensity between China and other members is defined as the ratio of the total import and export trade between China and other members to the total amount of China's trade. See Equation (3):
Among them, IM ij,t , EX ij,t are the amount of imports and exports of a certain member from China, and IM i,t , EX i,t are the total amount of imports and exports of China respectively.
The conduction mode of trade channel can be summarized as if a country's economic fundamentals deteriorate, the stock market falls, at the same time, the country's currency depreciates and its competitiveness decreases. As a result, the country's imports decrease and exports increase, leading to increasing trade deficit of countries that have higher bilateral trade intensity. Then, there is a great reduction of country's foreign exchange reserves and fundamental situation began to deteriorate, as a result, the stock market began to fall. In a word, if trade intensity between the two countries is high, co-movement degree between stock markets is relatively high theoretically.
Industry similarity: According to the study of Krugman (1991) , industry similarity is defined as the sum of the absolute differences between China and other countries in three industries, see Equation (4):
Among them, s ik,t is the proportion of China's k industry, and s jk,t is the proportion of the other industry's k industry.
The conduction mode of industrial channel can be summarized as if the macroeconomic trend depressed, consumer's demand is insufficient, and products of a productive enterprise are overstocked. In order to keep inventory at a reasonable level, business production decreases and economic efficiency deteriorates. As a result, stock prices decline and international investment capital flees. If the industrial structure of the two countries is of high similarity degree, under the expectations of investors, similar industries may suffer from speculative impact of international capital and cause shock in stock market. If there is a high degree of similarity between the industries of the two countries, the degree of co-movement of the stock market is high theoretically.
Economic cycle synergy: According to the study of Cerqueira and Martins (2009) , the economic cycle synergy is related to the difference in the degree of deviation of actual economic growth rate to the mean value between two countries, see Equation (5): Among them, d i,t and d j,t are the actual economic growth rates of China and a member, respectively, d i and d j are the average real growth rates of China and a member within the sample length T, respectively.
The conduction mode of the economic cycle channel can be summarized as follows: due to the cyclical changes in the effects of multiple factors in the economic operation and stock prices reflect the fundamental situation of the economy, the operation of the stock market will also change with the economic cycle. When economic cycle synergy between two countries is high, the co-movement degree of the stock market is also high theoretically.
Finally, in terms of domestic factors in China, this article selects the following four indicators as control variables:
Openness of stock market: As the opening process of China stock market is relatively late, in order to analyse the relationship between the opening degree of China stock market and the level of co-movement, refer to the research of Kraay (1998) , the ratio of the absolute value of inflow of nonresident investment on China stock market plus the absolute value of outflow of residents' stocks on international stock market to the GDP of China as a measure of the actual degree of openness of the China stock market, see Formula 6:
Among them, CI t and CO t are the absolute values of inflow and outflow of stock market, respectively.
The higher the openness of the stock market and the less restrictive of international capital flow are, the easier the information transfer across markets accompany by investor behaviour, and in theory, the higher the degree of stock market co-movement is.
Development degree of the stock market: Development of stock market degree can be reflected from the perspectives of market size and liquidity degree. Taking the proportion of total market value of stock market in GDP as a variable to reflect the size of the China stock market, see Equation (7); taking the proportion of total stock market transactions in GDP as a variable to reflect the liquidity of China's stock market, it can also be used as an agent variable reflecting investor sentiment, see Equation (8):
Among them, Cap t is the total market value of the tperiod stock market.
Among them, Volume t is the total trading volume of the t-period stock market.
Exchange rate: The market-based exchange rate reflects the fundamental information of domestic economy, which is used as a control variable to reflect the situation of China's domestic fundamentals. Because the reform of exchange rate system, RMB exchange rate has begun to peg to a basket of currencies, and RMB real effective exchange rate index issued by the Bank for International Settlements has been used as a variable to measure the international competitiveness of RMB.
Monetary policy: Taking cycle-increase rate of the broad money M2 as a control variable to reflect China's domestic policy in order to reflect the impact of policy factors on the domestic stock market.
See Table 8 for the representation of all variables and data sources. Taking the availability of data into account, quarterly data from the first quarter of 2005 to the fourth quarter of 2017 are selected as samples. In order to maintain consistency of analysis period in the third section of this paper, international financial crisis is still used as boundary point, and the analysis period is divided into two periods: from the first quarter of 2005 to the fourth quarter of 2009, which is the era of change and crisis, and the postfinancial crisis from the first quarter of 2010 to the fourth quarter of 2017. In the third section of this paper, daily dynamic condition correlation coefficient and the monthly real effective exchange rate index are converted into quarterly data. The bilateral trade volume is converted into quarterly data by adding monthly data together. The other quarterly data are obtained from relevant databases.
| Stationary and correlation test
Firstly, in order to avoid the "spurious regression" problem caused by nonstationary data, LLC unit test and Fisher-ADF test are used to perform panel unit root tests on interpreted variables and three explanatory variables to verify the stationary of panel data sequence. It is found that in both stages, four sequences reject the original assumption that the original sequence has a unit root in both LLC test and Fisher-ADF test at a significant level of 10%. That is, the dynamic correlation coefficient, bilateral trade intensity, industry similarity, and economic cycle synergy sequences are all stable sequences.
Secondly, the ADF test is used to perform unit root tests on five control variables. It is found that in the two stages, the generalized monetary growth rate sequence rejected the original hypothesis that the original sequence has a unit root at the significant level of 10% in ADF test, so the sequence is stable. However, in two stages, stock market openness, stock market size, stock market liquidity, and real effective exchange rate index of RMB are all instable that the original assumption cannot be rejected. In order to maintain the consistency of the economic significance in two periods, above four sequences are all differentiated and then the unit root test is performed, which means all sequences passed the unit root test and became a stationary sequence.
Finally, in order to avoid the problem of multicollinearity, the correlation coefficient between the explanatory variables is tested in two stages. The results are shown in Table 9 .
According to the results in Table 9 , we can see that the correlation between each two explanatory variables is low in two stages, and there is no problem of multicollinearity.
| The model
Based on selected explanatory variables and interpreted variables (DCC) calculated in section 3, the benchmark model constructed in this paper is Equation ( (9)):
Among them, α m is the regression coefficient, Y t represents time effect, C i represents individual effect, and ε i,t is the random error term.
In addition, explanatory variables are respectively multiplied with selected control variables into interaction terms, and interaction terms are respectively introduced into the benchmark model (Equation 9 ) to obtain three expansion models to examine the influence of domestic factors on the conduction paths of each explanatory variable (see Equations 10 to 12): 
| The result and discussion
Considering that countries have irreplaceable differences in politics, economy, culture, etc., and that there are significant differences in the international environment at different times, especially during times of crisis. So the model is evaluated by controlling time effects and individual effects in this paper. The two-way fixed effects panel model Matyas and Konya (1998) is used to estimate the above models in two stages. The estimation results are shown in Tables 10 and 11 , where the estimation results (1) in table corresponding to Equation (9) and results (2) to (4) in table corresponding to Equations (10) to (12). The software used in this section is Eviews 8.0. From the results in Table 10 , we can see that in the first period of the benchmark model, bilateral trade affects the co-movement of stock indices significantly, but the sign is contrary to expectations; that is, the stronger the bilateral trade intensity is, the weaker the stock market co-movement becomes; however, when domestic factors of China are introduced into model, the combined effect of change rate and bilateral trade intensity or economic cycle synergies affects the co-movement between China and other stock markets significantly, and the symbol is the same as expected. Under the effect of the appreciation of RMB, the greater the bilateral trade intensity or economic cycle synergy degree is, the stronger the comovement effect becomes. In addition, as the size of the stock market increases and the relative value of the RMB rises, the influence of industrial structure similarity on co-movement becomes significant, but the signs are contrary to expectations. It shows that factors that affect the correlation between stock markets during the crisis period are more complex, and the factors related to the fundamentals of the two countries cannot explain the correlation between stock markets. This result is consistent with the conclusions of Kim et al. (2011) and Beine and Candelon (2011) .
According to the results in Table 11 , industry similarity affects the co-movement of stock indices significantly in the second stage benchmark model, and the sign is same as expectation; that is, the higher the industry similarity is, the smaller the explanatory variable Structure is, and the higher the stock market co-movement becomes; when China's domestic factors are introduced, the changes in stock market liquidity and economic cycle synergy affect the co-movement between China and other stock markets significantly, and the symbol is same as expected. That is to say, as the liquidity of the China stock market increases, which means investor sentiment rises to some extent, the co-movement degree between China and other stock market will be stronger if the economic cycle is more synergistic. It is similar to the result reached by He (2016) . Meanwhile, it also shows that in the second period, the international economic and financial environment is relatively stable, and co-movement between China and other stock markets can be basically explained by correlation between fundamental factors, but the significance of each factor is different from the study of Gong and Shi (2015) .
Comparing the differences between the two stages of influencing factors, we can conclude that in the period of instability, the fundamental factors cannot explain the co-movement between China and the other G20 stock markets well. The co-movement between the stock market is mainly transmitted through the joint action of exchange rate and trade channel or economic cyclical movement, and the impact is stronger than the second period. For example, as the United States is China's most important trading partner, deterioration of the U.S.'s economic fundamentals and a sharp depreciation of the U.S. dollar because of the outbreak of the financial crisis led to a decrease in U.S. imports and an increase in exports, as a result, China's trade deficit with United States increased. In addition, the slump in the U.S. stock market caused panic among investors in China and other countries, and a large number of stock assets was sold, which exacerbated the degree of co-movement between stock markets and the degree of co-movements instability further. The implication to economic growth is to expand domestic demand and reduce dependence on the international community to maintain the stability of the domestic economy and financial markets. In the fourth quarter of 2017, the bilateral trade intensity between China and the United States was 14.27%, which is only higher than the EU, which is 14.66%. Since 2018, there have been constant trade conflicts between China and the United States, which poses a potential threat to the stability of the China domestic market. At the meeting of the Political Bureau of the CPC Central Committee in 2018, the reraising of "expanding domestic demand" also shows the important judgments from government on the stable development of China's economy.
In the post-financial crisis era, on the one hand, the industry similarity has significantly affected the comovement between China and other members of the G20 stock market. For example, China has similar industrial structures with South Korea, Indonesia, and some other Asian countries and shows high degree of economic cycle synergy, so the similarity of fundamentals is also reflected in the performance of the stock market, resulting in a high level of co-movement between stock markets. On the other hand, the synergy of the economic cycle significantly affects the co-movement between China and the other G20 stock markets through its joint action with the liquidity of the China stock market. The transformation of economic structure is the necessary way for the long-term stable development of China's economy. However, it will increase the similarity of the industrial structure between the China market and the developed countries. The implication is that countries should develop the characteristic industries actively, persist in diversified development, and reduce the impact of speculative capital flows from the industrial collision on the domestic stock market. Moreover, the liquidity of the stock market should be kept within a reasonable range, which is of great significance for maintaining the stability of the stock market and for the further reform of stock market.
It is noteworthy that whether the market is stable or not, the co-movement of the stock market will conduct through the market channels. So, for policy makers, during periods of market instability, active focus should be paid on market risks that may occur or have occurred in business partners, and use policy tools promptly to stabilize market expectations, strengthen the disclosure of operational information and protect domestic investors. And in the period of market stability, attention should also be paid on the fluctuations of foreign market, which have high similarities on industrial structures and economic cycles. It requires all regulatory agencies to monitor and stabilized the domestic market together and communicates with each other actively.
In addition, inconsistent with the results reached by Li, Xia, and Qiao (2016), China's domestic policy and the actual stock market openness have no significant effect on the degree of stock markets co-movement between China and other G20 members in two stages, which means China's stock market opening is generally risk-controllable. The risk of cross-border capital flows may cause domestic macroeconomic fluctuations, exchange rate instability, and instability in the financial system, so China's opening of capital account has become more cautious after the subprime crisis. However, the result of this paper shows that the degree of stock market opening has no significant effect on the stock market co-movement. So, the risk of stock market opening should not be enlarged, and the control of capital flow will also affect the efficiency of stock market financing by enterprises and financial institutions. Therefore, in the short term, under the current stock market conditions in China, macro-prudential supervision and micro-market supervision should be established. Actively strengthen the monitoring of the two-way capital flow in the stock market, intervene in the speculative flow of irrational capital, stabilize market expectations, and prevent the abnormal cross-border capital flows on the stock market, in order to maintain the stable operation of the stock market and create a suitable market environment for further reform.
| CONCLUSION
After analysing the volatility co-movement between the stock markets of China and other G20 members and the co-movement mechanism of the stock market in different periods, this paper draws the following two conclusions:
1. Volatility co-movement between China and other G20 stock markets
From the perspective of volatility correlation, comovement between most European developed markets and China stock market has little difference in two periods. In the period of market instability, the stock indices volatility co-movement between China and most Europe or America regions is higher than the market stability period. In general, the dynamic conditions correlation coefficient between China and developed markets of Europe or the Americas stock market is relatively low, and relatively high between China and Asian countries such as South Korea and India. But the stock market co-movement degree between China and Saudi Arabia is relatively low, and there is a considerable part of the time when the two markets are in the opposite direction.
From the perspective of stability of volatility correlation, most stock markets show stronger instability in the period of market instability. On the whole, the comovement stability of the stock markets between China and developed countries in Europe or the United States is high, but relatively low between China and Asian countries.
Influencing factors of stock markets co-movement
In the period of instability, factors affecting the correlation between stock markets are more complex, and the fundamental factors cannot explain the co-movement between China and other G20 stock markets very well. Co-movement between stock markets is mainly conducted through the joint action of exchange rates and trade channels or economic cyclical movements, and the impact is relatively strong.
In the postfinancial crisis era, industrial similarity influences the co-movement between China and other members of the G20 stock market significantly, and the economic cycle synergy affects the co-movement between China and other members of the G20 stock market through its joint effect with the liquidity of the China stock market significantly. Moreover, in the period of stable international economic and financial environment, co-movement between China and other member stock markets can basically be explained by the correlation between fundamental factors.
The results of this paper have important implications for China and world stock markets. Combined with the conclusions, this paper mainly proposes the following suggestions:
Firstly, for investors who make transnational asset allocation, the opening of the market means that portfolio risk weakening can be achieved by analysing the co-movement between international stock market and China stock market positively and allocating eligible assets. In addition, dynamic investment strategy should also be used to adjust the portfolio because of the timevarying characteristics of co-movement.
Secondly, for administrators, modern and effective supervision techniques and methods should be mastered as soon as possible to improve the way of monitoring the stock market. And in order to improve the ability to cope with risks, risk prevention and dynamic supervision should be used instead of risk releasing and static supervision. In addition, China stock market is dominated by retail investors, which requires investor education to reduce the speculation of the stock market and give full play to the investment function of stock market.
Thirdly, for the direction of market mechanism transformation, operating mechanism of China stock market should be improved and multilevel capital markets should be established to enhance the risks resist ability. In addition, China should strengthen the prudent supervision of the market, stabilize the opening process of stock market, and promote the cooperation of various regulatory agencies in order to prevent the risk contagion from the international market.
Finally, for the way of economic development, expanding domestic demand is the best way to reduce the economic reliance on international community and maintain the steady development of the domestic economy. Moreover, transformation of economic structure should be accelerated and characteristic industries should be developed to consolidate economic strength and enhance China's international status. However, the fundamental problem of weakening the transmission of industrial fluctuations is to improve the stock market mechanism, in order to increase the stability of the stock market and the ability to resist risks. 
